suggested 


PURPOSES OF THIS OUTLINE 


This is one of a series of outlines pre- 
pared by REA as an aid in planning and arrang- 
ing training schools for co-op electrification 
advisers. Each outline deals with a power use 
subject or with some aspect of cooperative 
principles and practice or with a particular 
method or technique of getting information to 
people. These are the three principal fields 
in which electrification advisers need to be 
skilled. Each booklet contains both suggested 
subject matter and suggestions as to how the 
material might be presented, with an indicatior 
of a suitable time schedule. The booklet is 


thus useful as a guide to committees in charge 
of training schools, as an aid to the instruc- 
tors, and as a subject matter manual that may 
be distributed to participants at the close of 
a training session for study and future refer- 
ence. Subjects available or in preparation 
are listed below by title and number. It is 
suggested that committees planning such training 
schools keep in mind the need of training in 
all three types of subject matter and, insofar 
as practicable, make use of the outlines ina 
balanced combination. 


LIST OF SUBJECTS 


An ORIENTATION OUTLINE (unnumbered) covers all three fields of information. lt is to pro- 
vide the subject matter for an initial school that will give co-op officials basic background 
information and an understanding of the nature and scope of the educational job to be done. 


POWER USE SUBJECT 


1 | Farm and home Wiring 


Membership 


Nh 


Farm Motors 


Ww 


Water Svstems and 
Plumbing 

4 | Electric Ranges Education 

5 Laundry Equipment 

6 Poultry Production and Co-ops 

7 | Refrigerators, Home 

— What It 


Freezers, Walk-Ins 


8 Small Appliances 
9 | Dairying 

Pig Brooding Co-op Bylaws 
Farm, Home and 
School Lighting Ownership 


ee Farm Shop 


CO-OP SUBJECT 


_Value of Co-op 


Integrating Power 


use and Co-op 


The REA Program 


The Electric Co-op 


The Co-op Movement 


Assuring Member 


METHOD OR TECHNIQUE 


Getting News to Members 

(Newsletters and State 
Paper Columns) 

Using the Radio 

Co-op Reports and Non- 
periodical Publications 

Making Effective Talks — 

Demonstration Techniques 

ls Methods and Results of 


Adult Education 


—— Here and Abroad 


Effective Meetings 


Establishing Member 


Photography and Motion 
Pictures 

Working with Newspapers 

Exhibits and displays 

Working with Rural Youth 

Working with Community 


Organizations 


13 Pump |rrigetion Participation 
14 | Garden Watering Co—op Tax Status 
45 | Electric Hotbeds Annual Meetings 
16 | Elevating, cleaning Co-op's Place in 
and grading farm crops the Community 
17 | Drying grain, hay, peanuts, etc| 111] Cooperation Between Co-ops 
18 | Heating, cooling, ventilating 
19 | Cleaners, dish washers 
20 Kitchen planning 
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SUBJECT MATTER FOR 
FARM MOTOR 
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FOR 


ELECTRIFICATION ADVISERS 


September 1949 


Time 

9:00 AMs iI, 

9:30 AM TT 
10:00 AM 


10:15 AM III, 


12 - 1 PM 


1:00 PM 


2:00 PM 


3:00 PM 


3:15 PM 


4330 PM 


5:00 PM 


8:30 AM 


10 - 10:15 AM 


SINGLE-PHASE MOTOR TRAINING PROGRAM 


(Do not schedule schools on Mondays or Saturdays) 


First Day 


Subject Activity 
Display of Motors 


Discussion of Mechanical and 


Electrical Parts of Motor 
(Intermission) 

Examination of Motor and 
Motor Parts - By Treinees 
(Lad. ) 

(Noon Lunch Period) 
Discussion of Four Types of 
Single-Phase Motors 
Identification of Motors - 
by Trainees (Lab.) 
(Intermission) 


Identification of Motors - 
by Trainees (Lab.) 


Discussion of Identification 


(Adjournment for Day) 


Specialist in Charce 


REA Apricultural Engineer or 
Field Representative 


State College Representative 


REA Field or Headquarters 
Representative 


Agricultural Engineer (State 
College or REA Field or 
Headquarters Representative 


Lab. activity by the trainees 
(All participating instructors 
to be present) 


(All participating instructors 
to be present 


Agricultural Engineer, College 
or REA Field or Headquarters 
Representative 


Second Day 


Motor Selection Principles 


Motor Testing and Cord 
Attachment (Labd.) 


(Intermission) 


Agricultural Engineer (State 
College or REA Field or 
Headquarters Representative) 


(All participating instructors 
to be present 


10:15 AM 
12 - 1 PM 


1:00 PM 


2:00 PM 


8:30 AM 


9:30 AM 


10:00 AM 


10:15 AM 


11:15 AM 


12:00 Noon 


Continue Motor Testing 
(Noon Lunch Period) 


Discussion of Motor Selection Agricultural Engineer (State 
College or REA Field or 
Headquarters Representative) 


Motor Testing (Lab.) Agricultural Engineer (State 
College or REA Field or 
Headquarters Representative) 


(Intermission) 
Motor Testing and Cord All participating instructors 
Attachment (Lab.) to be present 


(Adjournment for the Day) 


Third Day 
Discussion on Motor Control State College Representative 
Examination of Motor Controls - All participating instructors 
by Trainees (Lab.) to participate 
(Intermission) 
Discussion on Installation, Agricultural Engineer, Field 
Care, and Maintenance of or Headquarters Representa- 
Motors tive 


Motor Reversals rohieres All participating instructors 
Changes by Trainees (Lab.) to participate 


(Adjournment of Motor Instruction) 


INSTRUCTIONS ON PROCEDURE IN MOTOR TRAINING 


MORNING —~ FIRST Day 
93:00 AoMe 
Display of Motors: 
Arrange all motors and motor parts on a table or tables of sufficient 
area to permit approximately 4 square feet per motor. Card tables, if 
of rugged construction, are satisfactory. The motors are numbered for 
easy reference. Discuss the motors from the standpoint of frame mount- 
ing and frame construction, i.e., resilient vs. rigid mounting and 
drip-proof, splash-proof, open, totally enclosed, and explosion-proof 
frame enclosures. 
9:30 AM. 

Discussion of Mechanical and Electrical Parts 
Use the cutaway motor, or unassembled motor, and the extra motor parts 
to give a clear understanding of the parts of a motor. Disassemble one 
motor before the group so they will understand how to do it in later 
exercises. Discuss the artic parts of the aotore on the basis of using 
electric power to develop powerful magnetic fields and in turn the con- 
version of magnetic field attraction or ppeeateion into mechanical energy. 
Discuss the parts of a motor in the following manner: 
1. Stator 

(a) Steel frame 

(>) Laminated field core 

(c) Field coils 


(a) Electrical connections © 


aoe 
2. Rotor 
(a) Squirrel cage rotor 
(>) Wound rotor 
(1) Repulsion-start rotor 
(2) Series wound rotor 
3. Rotor parts 
(a) Rotor Shaft 
(d) Commutator and segments 
(c) Centrifugal devices 
(4) Shorting rings and necklaces 
(e) Armature windings 
4. End bells 
(a) Brush holders 
(>) Brushes (rigid and movable) 
(c) Snap switch 
(a) Bearings 
(1) Sleeve bearings 
(2) Ball bearings 
(e) Greasing end oiling devices 
(1) 041 reservoir 
(2) Wool ofl-wicks and long oilers 
(3) 041 cuvs 
(4) Pressure fittings 
(5) 041 and grease to use 


(6) Amount of ofl and frequency 
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10:15 AM. 

Examination of Motore 

The class should be divided into as small groups as possible depending 
upon the number of people and the number of 1/3 HeP. motors available. 
Each person should heve the minimum number of tools as starred in the tool 
list presented as necessary for advisers in the wiring school. Fach small 
group should disassemble a motor and reassemble it at the close of the per- 
lod. Note: The instructor must check Bll reassembled motors before they 
are started to be sure they have been properly assembled and are ready to 
TUN 

Disassembly is accomplished by removing the four bolts that hold the 
bells or end brackets to the stator. When the bolts have been removed the 
bells should be gently loosened rr placing @ screw driver in the joint be- 
tween bell and stator and tapping lightly with a small hammer. When the 
bells have been loosened they can be slipped from the rotor shaft. Care 
should be taken to see that the rotor armature, shaft, and centrifugal de- 
vices and snap switches are not damaged where the bells slip off the rotor 
shaft. Examine the parts with care, being sure that none of the parts are 


damaged or misplaced. After becoming familiar with the various parts and 


noting their mechanical relationship, reassemble the motor. Note: If de- 


12:00 Noon Recess 


As 
AFTERNOON SESSION 
1:00 P.M. 
Discussion of Motors 
The instructor should discuss the four basic motor types from 
‘the standpoint of starting method used, the starting current demand, 
and the torque developed at starting, during Seneca cto and at 


normal loading and overloading to the point of speed breekdown. 


2:00 P.M. 
Identification of Motors 
The groups should return to the motors for identification of 
each of the motors on display. Use the motor identification sheets 
to record the various information and factors determining type 
identification. The motor numbers (nailed to wooden motor base) 
should be used on the identification sheet so that the motor 


information sheet can be identified with the proper motor. 


4:30 P.M. 
Discussion on Identification 
After the groups have completed their study of all motors 
available for identification, a discussion should be given by the 
instructor so that each person can determine whether he properly 
identified each motor. The advisers should ask questions and be 
certain that no mysteries exist for them on the parts of an elec- 


tric motor. 
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MORNING — SECOND DAY 
R330 AoMe 

Motor Selection Principles 

The instructor should discuss the selection of electric motors for 
farm and home installation on the basis of matching motor characteristics 
with machine torque reouirements and characteristics. In addition, the 
motor characteristics which affect motor Tebtien, tha size conductors, 
emperage drewn, and voltage drop should be stressed. It should also be 
pointed out that the laboratory work to follow is for the purpose de- 
termining the starting cheracteristics of the various motors availeble 
and clessifying them from the standnoint of their adaptability to farm 
conditions. The value of low Btestice current for motors in buildings 
or other locations at extreme distances from the meter should be fully 
covered. 

9:20 AM. 

Motor Testing 

Motor torque tests are to be run by the advisers. Six écitas stands 
are provided with motor mounting facilities and scales to measure the 
locked rotor or starting toroues of the four types of single-phase induction 
motors. The motor pulleys should be securely mounted on the motor shafts 
and the heevy cord given several turns about the pulley after one end is 
fastened to the pulley by putting it throvgh the small drilled hole in the 
pulley rim end tying a knot in the cord. The motor is then mounted on the 
base anc the cord tied to the hook on the spring scale which in turn is 


mounted on the upright member of the stand. 


ay 
The pocket size voltmeters and ammeters are then connected to the motor 


so the energizing current and voltage readings can be observed. Note: The 


the motor will overheat and be severely damaged. Three or four readings 


should be taken in successive tests and each measuring device reading re- 


corded. The average of the several readings taken should be obtained to 
give the final answer to the motor's charecteristics. Use the test sheets 
provided for recording the informetion. A separate sheet should be used 
for each motor tested. 

12:00 - Noon Recess 

AFTERNOON SESSION 

13:00 PeM. 

D on on M S 

The instructor should point out that starting a motor or a machine 
is a very critical point in electric power applicetions. All machines 
are not hard to start but under certain conditions most machines may re- 
quire more power et starting than usual. Consequently motors which can 
develop a high starting toroue are desirable. The advisers should under- 
stand the meaning of the information they have observed and recorded in- 
asmuch as its magnitude is a direct answer as to the value of that type 
motor under average farm conditions. 

High current demand will result in excessive voltage drop and a reduc- 
tion of starting torque unless adequate wiring has been done and is capable 
of delivering the demanded power without excessive voltage drop. High 
torque with low current demand is desirable because of inadequate farm 


wiring and excessive distances between buildings and meter pole. 


a SS 


poly Jas 
2300 PM. 

Motor testing to proceed as started in the morning end continue until 
each adviser hes made a series of tests on each of the four tyoves of 
einel enone <6 motors. 

All motors should heave short extension cords (18" long) attached so 
they may be operated on 115 eoreel The short cords are to facilitate the 
attachment of ammeters and voltmeters. Four-way attachment plugs are pro= 
vided so that the ammeters can be connected’ in the line and a voltmeter 
across the line. When attaching the voltmeter be sure thet the red marks 
on the cord cape match the red marks on the four-way cord plug. This will 
place the voltmeter. across the line. The ammeter must always be in the 
line. If it is across the line it will be instantly burned out when the 
power is connected. 

MORNING — THIRD DAY 
:Z0 A.M. 

This discussion should be on the practical installation of motor con- 
trols end starting equipment. ~ Sincé these motors ‘are all Tess than ‘one 
horsepower they can be started directly across the line and with very ele- 
mentary equipment. Since the advisers will need to know about single-phase 
starting equipment a full discussion on manuel and magnetic control start- 
ing equipment must be given. Be sure that the selection and installation 
of heaters is understood by the adviser and that the sterting eouipment 
where heaters are used must have the proper sized heeter for the size of 
motor with which it is to be used. The differences between over-current 
and under-voltage methods of controls are of first importance. The use 
of push button control attachments and their use and value with certain 


kincs of farm machinery should be made clear. 
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The automatic controls, including clocks, thermostats, humidistats, 
and their relation to required starting equipment should be made ciear. 

It is essential that all advisers understand the need for off-peak 
operation wherever it is possible to rrovide such control without 
interfering with the farm oreration or adversely affecting the processing 
of a farm product. 

The adjustment of motors in the home shors is largely confined to the 
exchange of connections of wiring leads for 120 or 240 volt operation of 
the motor, reversal of motor rotation by re-connecting wiring leads or 
shifting brushes smoothing of armature commtators with sandpaper or 
turning on a lathe, replacement of brushes, undercutting mica, replacing 
ball bearings, sleeve bearing replacement, and attachment of extension 
cords, 

The care and maintenance of motors is largely a matter of infrequent 
oiling or greasing and seeing that the temperature increase is not too 
great. When the motor runs too hot it may be lack of ventilation through 
the motor, oreration in the hot sun, or inadequate lubrication; the belts 
may be too tight or out of line, causing excessive friction, etc. Clear- 
ing air passages is a routine required frequently in open frame enclosures 


when operated in even slightly dusty conditions. 


SINGLE PHASE-MOTOR IDENTIFICATION, SELECTION, AND APPLICATION 
PRINCIPLES 


Objectives to Enable the Hlectrification Adviser 


le 


Leo 


Se 


4. 


To identify the four most generally used types of single-phase 
electric motors. 


To select the most suitable type of single-phase electric motor for 
@ specific installation or machine. 


To select a suitable type and size of single-phase electric motor 
for general purpose used under various practical conditions. 


To install, adjust, care for, and maintain an electric motor. 

A. Cleaning and oiling. ; 

B. To reverse the direction of rotation in the four types of motors. 
C. Care of brushes (in brush-type motors) and armature commutator. 

D. fo select and attach extension cords and switches. 

E. To provide adequate service extension to supply power to the motor. 
FP. To make motor adjustments for operation with 120 or 240 volts. 
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"Care of Your Electric Motor". 2-page leaflet reprint. REA, USDA, 
Washington, D. C. 
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SI E MOTOR ID FI 


Mane Plate Information 


A. The first step in identifying any motor is to examine the name 
plate. In some cases manufacturers place the motor type on the 
name plate, which immediately identifies it. When thie is done 
there is no need for taking the motor apart to determine its 
type. Information of greateet immediate importance for identi- 
fication and selection includes! Horsepower, speed of motor (RPU) , 
voltage, amperage at rated load, phase, and temperature rise. 


Horsepower indicates the maximum power which the motor can 
deliver continuously at full voltage without loss of speed or 
damage to the motor. 


Most motors intended for general use are constructed for approx 
imately constant speed under rated load. Speeds most commonly 
found are between 1725 and 1750 RPM. Motors are available with 
speeds slightly below 600, 900, 1200, 1800, and 3600 HPM- The 
exact speed depends on the number of magnetic poles in the motor 
and the operating slippage of the armature. The name plate will 
indicate normal speed at normal voltage and rated load current. 


240 volt current. Some small motors are constructed so they 
can be operated on only one voltage. Such motors are not as 
desirable for farm use because of the various practical appli- 
cations which future development of the farm electrification 
program may require. 


Amperdze shown on the name plate indicates the amount of current 
required to operate the motor at rated load, rated voltage, and 
rated speed. It is of importance because it shows the current 
demand that will be placed on the circuit when the motor is 
running under normel conditions. Fuses and circuit wire sizes 
must be capable of meeting thie current demand without burning 
out the fuse or reducing the line voltage at the motor. On 
most motors two amperages will be shown, one of which is twice 
the smaller. This indicates that the motor ie designed for 

dual voltage. That is, it can, when proper adjustments are 
made, operate on either 120 or 240 volt current. (See explan- 
ation on motor adjuetments for dual voltage). Note: Overloads, 
low voltage or reduced speed greatly increase current flow 
through the motor. 


Single-phase motors are marked Phase 1 or 19. 
Temperature rise shows the safe increase in motor surface tem- 


perature during continuous operation. Excess temperature dam- 
ages the winding insulation, resulting in a dberat out motor. 
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This permissible temperature increase is based on an ambient 
(surrounding) room temperature of 40° C. Thus the 40° C tem- 
perature rise motor could safely reach a surface temperature 
of 80° C, (This is equivalent to 176° F), Some motors have 
a 50° C temperature rise from the 40° C ambient temperature. 
This totals 90°C. (This is equivalent to 194° F). These 
temperatures are more than your bare hand can stand. There- 


fore if you can hold your hand on a warm motor, it is not too 
hot. 


There are many kinde of single-phase motors but for practical 
purposes this discussion considers only two kinds. These are 
the induction motor and the universal motor. Since the uni- 
versal motor is relatively unimportant for anything but small 
power and very high speeds it will be discussed later. 


Induction motors designed for single-phase current require 
special electrical starting devices or methods to cause them 

to start running. (Note: When the starting devices only fail 
to operate, single-phase induction motors can be started by 
hand. This is done by turning the rotor shaft or pulley. 

Once started they will build up to speed and continue operation 
until the current is cut off). The variation in electrical 
starting methods largely determines the value of the motor 

for certain power applications. The starting method also 
indicates the type of induction motor (1e, starting type). 


All single-phase motors have similar basic motor parts. 
Extra parts are added to either obtain certain starting 
characteristics or to protect the motor. The basic parts 
of single-phase induction motors include: 


1. The Stator 2. The Rotor 3. End Bells 
ae Steel Frame a. Rotor Shaft ae Bearings 
b. Laminated Core »b. Rotor Winding b. Hlectrical 
ec. Field Coils (1) Squirrel Cage or Connections 
(1) Bupning- (2) Wound Rotor c. Oiling 
Winding (a) Repulsion Winding Devices 


or 
(b>) *Universal Winding 
ce. Air Circulating Far 


8 
(2) Starting- 4. Commutator d. Snap Switch 
Winding e. Shorting Ring e. Brush Holders 
ad. Capacitor or Necklace f. Brushes 


e. Thermal Cut Ont f. **Centrifugal Device 


*The universal or series wound armature is not used in an 
induction motor. 


**A centrifugal device is not used on a universal motor. 


a 


The kind of rotor winding and/or the added starting parts used 
determine the method of sterting or the type of motor. Thus 
any single-phase motor can be identified by determining how 

the rotor armature is wound and by the added parts used with 
the motor that has that particular armature winding. The three 
most common methods of starting induction motors are the split- 
phase method, the capacitor method, and the repulsion method. 


The squirrel cage armature is made of a framework of compara- 
tively few heavy wires mounted on the rotor shaft and resembles 
in appearance the exerciser placed in a cage for pet squirrels. © 
(Hence the name squirrel cage; see cut). To strengthen the 
cage for high motor speed a metal sleeve is placed around the 
armature so that it appears to be a smooth metal cylinder with- 
out visible windings. 


The wound ermature is made up of a laminated metal core (thin 
layers of sheet metal) and a commutator mounted on the rotor 
shaft. Rather deep, wide grooves are spaced at regular inter- 
vals around the core. The grooves run lengthwise and parallel 
to the armature shaft. Many turns of very fine wire are wound 
into the grooves, forming complete coils. Opposite ends of 
each coil are fastened to the separate segments of the commu- 
tator. The location of the segments of the commutator to which 
the ends of each coil are attached are determined by the number 
and position of the brushes which slide on the commutator. An 
armature coil circuit is completed when a pair of brushes makes 
contact with the two segments fastened to the opposite ends of 


A complete rotor ready for installation consists of an armature 
shaft, armature, (either squirrel cage or a wound armature), 

@ centrifugal device, a commutator (if brushes are used), and 
an air circulating fan to cool the inside of the motor. Note! 
An internal air fan is not used with certain motors that are to 
be used in dusty or explosive atmosphere. 


. I R 
This motor has a smooth and regular shape so that the external 
appearance gives no indication as to whether it is a split- 
phase motor, a repulsion-induction motor, or a universal motor. 
Remove the cover plate at the front end of the motor (ie, 
opposite pulley end) or the end bells. The absence of brushes 
in a single-phase motor indicates that it is either a split- 
phase start or a capacitor start induction motor. Since no 
capacitor or brushes are found, the motor can be identified 
as a split-phase start induction run motor. Other identifying 
clues can be found on the name plate. These include phase, 
horsepower, voltage, and amperage. Split-phase start motors 
are always single-phase. Horsepower is never greater than 
1/2 horsepower because of the high starting current that would 
be demanded in larger motors. Only one voltage and amperage 
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TYPE SP 


SPLIT PHASE MOTOR 
SCHEMATIC CIRCUIT 


SQUIRREL CAGE 
ROTOR WINDING 


000 | 


MAIN STATOR 
WINDING 


SWITCH CLOSED 
_|° WHEN MOTOR STARTS, 
| SWITCH OPENS STARTING 
_| WINDING CIRCUIT BY 
| GOVERNOR ACTION AS 
MOTOR ACCELERATES TO To 
RUNNING SPEED. 
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are shown. Split-phase start motors are made to run on 115 
volts or to run on 230 volts and when so constructed they 
cannot be changed to operate on alternate voltages. If the 
motor is disassembled it will be seen that the armature is a 
solid metal cylinder (squirrel cage) and that it does not have 
an insulated wire winding. The induced armature currents, 
which are very heavy, flow through the copper core which 
resembles a revolving exerciser in a squirrel cage. Motors 
having rotors of this description are frequently called 
"squirrel cage" motors. 


C 8 I R 

This motor is distinguished by the capacitor, (ie, condenser) 
generally mounted on the outside of the motor frame. It is 
housed in a cylindrical covering screwed to the frame. (Note! 
Sometimes the capacitor housing is square or eliptical instead 
of cylindrical, and occasionally it is mounted inside the 
motor frame where it is not readily seen). Remove the cover 
plate or end bells if necessary to see the armature. Capacitor 
motors have no brushes and the name plate indicates one-phase. 
The rotor has no armature windings and is therefore the squirrel 
cage type. They range in size from fractional horsepower to 
as much as 20 horsepower. Some multi-phase motors have capac- 
itors but the name plate will indicate the number of phases, 
and a capacitor-start induction-run motor is always one-phase. 
Two-value capacitor motors have two capacitors, one used in 
the starting winding and one in the running winding. This 
Motor will be discussed later. Its starting principle is 
identical to the single-value capacitor-start induction run 
motor. If the motor is disassembled it will be seen that the 
armature is a heavy copper frame (squirrel cage) and that it 
does not have an insulated wire winding. 


Both split-phase and capacitor-start motors have a centrifugally 
operated snap switch in the starting circuits. This switch 
connects and disconnects either the starting winding of a split- 
phase motor or the capacitor (condenser) and starting winding 

in a capacitor motor. When the motors are stopped or turning 
below a given speed the switch is closed connecting the line 
current to the starting windings and the capacitor. When speed 
increases to a factory-determined amount the switch opens by 
action of the centrifugal device and the motors operate as 
induction motors (ie, squirrel cage); that is, the eplit-phase 
starting winding or the capacitors and starting winding have 

no further influence on the motor's operation. (Note: Ina 
heavy-duty capacitor motor there are two capacitors, only one 

of which is used with the starting winding. The other is always 
connected to the running winding and improves the torque char- 
acteristics and the power factor of the motor). When the motor 
speed is reduced below a given RPM the centrifugally operated 
switch closes automatically. If the load is the cause of the 
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CAPACITOR MOTOR 
SCHEMATIC CIRCUIT 


MAIN STATOR 
WINDING 


STARTING 
| WINDING 


- STARTING 
CONDENSER 
ed 


SWITCH CLOSED 
WHEN MOTOR STARTS. 
SWITCH OPENS STARTING 
WINDING CIRCUIT. BY 
GOVERNOR ACTION AS His “a 
MOTOR ACCELERATES TO 

RUNNING SPEED, 


<< 


SQUIRREL CAGE 
ROTOR WINDING 


A CAPACITOR MOTOR IS A SPLIT PHASE MOTOR 
WITH A CONDENSER INSERTED IN THE STARTING 
WINDING TO INCREASE THE STATIC TORQUE. 
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reduced speed the starting windings and the capacitor increase 
the motor torque, when the snap switch cuts them in. This 
sometimes enables the motor to rebuild its lost speed and to 
continue in operation at rated speed. Single-phase induction 
motors cannot start unless a starting winding, a capacitor 

and starting winding, or a wound rotor (repulsion-start motor 
are provided to cause the motor to start revolving. Thus the 
three types of motors obtain their names, split-phase start, 
capacitor-start, or repulsion-start induction motors. (Note: 
A capacitor motor uses a split-phase effect to obtain start- 
ing torque. The electrical effects of the capacitor is to 
increase the angle between the magnetic fields of the starting 
and running windings from 30° to 90°. This accounts for the 
increased starting torque characteristics of capacitor motors). 


=S I —Run M 
This motor is identical in external appearance to a split-phase 
motor and to some styles of universal motors. This type of 
motor may be distinguished from the first two motors discussed 
by its brushes and coil-wound armature. Remove the cover 
plate or end bells if necessary. The first point of identi- 
fication is to check the armature to see if it has been wound. 
A universal motor also has a wound armature and brushes but 
the brushes are stationary. Consequently, the second point 
is to determine whether the brushes are movable and lift or 
not. If they are movable and can be lifted and the name 
plate indicates one-phase, the motor is a repulsion-start 
induction motor. 


Some manufacturers make repulsion-start induction motors with 
brushes that are always in contact with the armature commuta- 
tor, but provide a movable shorting ring which shorts the 
armature commutator segments, making in effect a squirrel 
cage of the wound armature. Other manufacturers provide 
both a shorting ring or necklace and brushes which lift out 
of. contact with the commutator. The shorting device and 
brushes are operated by a centrifugal device that has small 
weights which move outward as the armature speed increases, 
activating the device and causing the brushes to lift and the 
ring to make contact, shorting the commutator segments when 
the motor reaches a certain speed. It then becomes an induc- 
tion motor and in effect the rotor becomes a squirrel cage 
rotor. 


The armature of a repulsion-start induction motor is wound with 
insulated wire, forming coils, the ends of which are attached 
individually to the segments on directly opposite sides of the 
armature. Armature coils are found in both repulsion-start 

and universal motors. Consequently, the repulsion-start motor 
is identified by the centrifugally operated shorting device, 
brushes which can be shifted, or both, and not entirely by 

the fact that it has a wound armature or nonlifting brushes. 
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Universal Motors 


This type motor may be similar in external appearance to both 
split-phase and repulsion-start induction motors. Therefore, 
the cover plate or end bells must be removed to identify it 
unless the name plate specifies the type. This motor is very 
similar in internal construction to the repulsion-start motor 
because it has brushes and an armature wound with insulated 
wire coils. The identifying differences are that the brushes 
are always stationary and there are no shorting rings 
(neclaces) or centrifugal devices. a 


Universal motor frames may be very similar in external appear- 
ance to the other motors discussed. In most cages, however, 
the motors are mounted in housings designed to fit or form the 
frame of the machine which they are intended to operate. 
Typical examples are vacuum cleaners and calculating machines 
which are generally driven by universal motors. 


4nother method of identification is to connect the motor to a 
current supply and observe its speed. Without lead, a wniver- 
sal motor may reach a speed of 3,500 to 10,000 or 15,000 RPM 
and the distinct whine of the motor indicates its high speed. 
A slight load, such as friction on the moter pulley, will 
greatly reduce its speed. This reduction in speed with 
slightly increased loads is direct evidence that the motor 

is a universal motor. Vacuum cleaner motors are the univer- 
sal type. A change in the volume of air passing through the 
machine will make a noticeable difference in the motor speed. 


Motor Enclosures 

Motors should be operated in dry, clean, cool, dust-free air, 
if possible. Under practical conditions, especially about 
the farm, ideal motor surroundings are not always possible 
to obtain. Heat, dust, dirt, excessive oiling, salt, acid, 
and water cause tho worst damage to motors. 


Motors frequently have to be operated in unfavorable locations. 
Manufacturers provide a variety of frame designs to help meet 
certain undesirable conditions by protecting the motor from 
dust, water, or explosive atmosphere. This protection is 
generally provided by designing the end bells to protect the 
rotor and field windings. Such protective design prevents 
harmful material from entering the motor with the cooling 

air that is forced through the motor by the fan on the rotor 
shaft. Frame designs are designated as open, drip-proof, 
splash-proof, and totally enclosed. The totally enclosed 
motors are also known as dust-proof and explosion-proof motors. 


Open frame motors offer no protection to the motor since 
small objects, dust, dirt, and moisture can fall, splash, 

or be aucked into the motor with the air stream. Open motors 
are not desirable for any farm installation. 
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Drip-proof motors are partially enclosed so that water or 
gmall objects falling from above do not have direct access 
to the interior of the motor. The air stream enters the 
motor through the end bell below the shaft bearing, passes 
through the motor and out of the opposite end bell. A 
hood protects the opening. Drip-proof motors are not 
splash- or dust-proof. 


Splash-proof motors are designed to prevent water from 
splashing upwerd from the floor into the motor. The air 
intake opening is above the shaft bearing. Splash-proof 
motors are not drip- or dust-proof. Some manufacturers 
Ma extra cover plates which clamp over the end bells. 
hese extra covers are designed to convert drip-proof motors 
to splash-proof or splash-proof to drip-proof without ob- 
taining new bells. 


Totally enclosed motors prevent foreign material from enter= 
ing the motor. Dust-proof motors are 80 designed that dust 
cannot enter the bearing or any of the mechanical or elec- 
trical parts of the motor interior. Sometimes an internal 
cover is provided to form air passages for the circulation 
of air. This protects the working parts and helps to cool 
the motor. Dust-proof motors should be used where dusty 
conditions occur such as in grain bins, elevators, hay- 
mows, etc. Sparks from a motor that is not dust-proof can 
and frequently do cause very severe dust explosions. 


Explosion-proof motors are provided for use in explosive 
atmospheres. “hey are so designed that all fumes and air 

are excluded from the motor. As a rule no circulating 

fan is provided and even the motor wiring leads enter through 
a rubber or plastic sealing compound so that no fumes can 
possibly enter the motor. Explosion-proof motors are used 
for gasoline pumps or any other purpose where hazardous 
conditions exist. 


Most totally enclosed motors are 50° © temperature rise 
motors because of the increased difficulty in cooling them. 
The increased temperature is permissible because of the 
type of insulation used on the windings. 
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Selection of Blectric Motors for a Specific Installation or Machine 


A.» What Machine Characteristics Determine Motor Requirements? 


B. What are the Overating Characteristics of Split-Phase, 
Capacitor-Start and Repulsion-Start Induction Motors? 


C. What Kind of Bearings Do Motors Have? 


The selection of an electric motor is determined by the type of 
current and the voltage available, the purposes for which the 
motor is to be used, and the horsepower and speed desired. On 
most cooperatives the members use only single-phase current, the 
exception is generally in irrigated areas where three-phase cur- 
rent is made available for use on motors ranging in size from 

160 to 50 horsepower. In making a selection, the following three 
conditions should be carefully determined. 


a. Horsepower and speed requirements of the machine to be 
driven and the task to be done. 


b. A thorough study of the machine to be operated and the 
load (torque) characteristics of the machine when running 
empty and at rated capacity of operation. Maximum start- 
ing, accelerating, and full speed power demands under all 
conditions should be fully determined. 


ce The current specifications including amperage, voltage, 
voltage fluctuation, if any, and the length of the cir- 
cuit from the meter and the size wires in the circuit. The 
number of phases available must be obtained (ie, one, two, 
or three-phase). 


A. What Machine Characteristics Determine Motor Requirements? 


Farm machinery and eouipment ordinarily turned by hand can be 
operated with a small electric motor at a cost range of one 
cent to five cents per hour for electricity. ‘The small motor 
may be put to a practically unlimited number of uses on the 
farm to bring about a saving in time and labor and to reduce 
investment in new equipment. Hand labor cannot compete 
economically with low cost electric power. 


To fully understand how motors meet practical operating condi- 
tions, it is necessary to divide any load into three parts. 
Fach of these parts may vary pore aeely and independently from 
each other over a wide range. hese parts are designated as 
(1) starting load, (2) accelerating load, and (3) full speed 
load. Before selecting the motor for any particular use, 

the characteristics of the machine which it is to drive or 

the task which it is to do must be analyzed as above. 


oe 
(1) Starting Load. 


Some driven machines start with practically no load, and 
the full load develops only when full speed is reached. 
With other machines, there is some load when starting, - 
but the load increases as the speed increases. In etill 
other cases, the machine starts under full load. Exam- 
ples of machines having each of these characteristics 
are’ 


(a) No starting load - Fan, small toolegrinder, churn, etc. 


(>) Some starting load - Ensilage cutter, corn sheller, 
etc. 


(.) Full load at start - Piston type water pumps, cream 
separator. ; 


(2) Accelerating Load. 


When started, the machine or tool must be brought up to 
full speed. This is the accelerating load of the machine 
and is determined by the friction between the working 
parts, and the increased work done by the machine as the 
speed increases. A cream separator and a heavy fly wheel 
are hard to start and accelerate to full speed. They are 
excellent examples of great inertia. In general, heavy 
objects have greater inertia or resistance to change in 
speed than light objects. In the case of a Blower fan, 
the load increases as speed increases because more air 

is being moved as the speed increases. 


(3) Full Speed Load. 


This refers to the load of the machine on the motor after 
it has reached full speed and the machine is running at 
normal speed and capacity. Temporary overloading of the 
motor must also be included. The motors on such machines 
as ensilage cutters, hammer mills, and hay belers, may be 
subjected to frequent and rather large temporary over- 
loads. If they are of short duration the motor can take 
large overloads safely. 


TORQUE 


Turning effort is usually expressed in terms of *torque*. 
Torque is measured in feet pounds (pound inches) - force x 
length of leverarm) of work required to rotate a load. It 
is also used to measure the power of the motor in pulling on 
the belt. Eneineers, mechanics, and electricians divide the 
three torque loads discussed under 4, B, and © above as 
follows: 
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Starting Torque Turning effort required 
to start rotating a load. 


Pull-up Torque Turning effort to bring the 
load up to the proper 
operating speed after it 
is started. 


Break-down Torque The size of load that will 
reduce motor speed and 
eventually stall the motor. 


The size of motor reauired to operate any machine depends on 
the three types of loads and the duration of the maximum load. 
Since the types of electric motors generally available have 
different operating characteristics, the type must be matched 
to the load requirements to obtain satisfactory operation. 


Since most farmers have only single-phase electric service, the 
following discussion will cover single-phase motors only. These 
motors are made in several designs, but only two of these de- 
signs are particularly well adapted te general farm use. They 
are the capacitor-start and the repulsion-start induction-run 
motors. When both the machine and motor characteristics are 
known, the proper size and type of motor can be selected. 


B. What Are the Operating Characteristics of Split-Phase, Capacitor- 
Start and Repulsion-Start Induction Motors? 


The three types of single-phase motors best suited for farm 
use are: 


(1) Split-phase induction-run motor 
(2) Capacitor-start induction-run motor 
(3) Repulsion-start induction-run motor 


There are several other types of single-phase motors, but they 
are not generally as cesirable as the three listed above. 


(1) Split-phase induction motor. 


A split-phase motor is the lowest in first cost of the 
three types of motors. Its operating characteristics are 
the least desirable of the three. Its greatest starting 
torque is approximately 230 percent of its full load torque, 
and its pull-up torque is approximately 200 percent of 
full load toraue. These are too limited when compared 

to the starting and pull-up loads of many farm machines. 
Conseauently, the split-phase motor should not be used 

on machines that are hard to start or to bring up to 

full speed. The split-phase motor has a breakdown torque 
of approximately 230 percent of its rated full speed 
torque. 


This type motor requires a relatively large amount of 
current to start and bring it up to full speed under 
load. Zhe starting current may be seven to nine times 
the full load current. This motor is not made in sizes 


over one-half horsepower because of the excessive start- 
ing and accelerating current. 


The high starting current demand is undesirable in many 
situations because very large wires are necessary if the 
motor is to have its full, though limited, starting abil- 
ity. When improperly installed, or when used on circuits 
in buildings with too small wiring, it causes lights to 
flicker when starting. You will note in Table I that the 
starting current required by this motor is two and one- 
half times that of a-repulsion-start induction motor, yet 
it has slightly less than one-half the starting torque. 


(2) Capacitor-Start Induction-Run Motors 


Capacitor-start, induction motors are somewhat more expen- 
sive than split-phase motors. The capacitor type motor 
can be distinguished from the other tyves by the cylinder 
containing the capacitor which is normally mounted on 

top of the motor. 


The capacitor-start motor has a starting toroue of approx- 
imately 435 percent of its full load torque. This is 

+ — e@ 
It has a pull-up toraue of approximately 250 percent and 
a breakdown torque of approximately 265 percent of full 
load torque. Its greater starting torque makes it a 
better motor than the split-phase type for medium to hard 
starting loads. The maximum starting current is from 
four to six times the full load current. In Table I you 
will see that this starting current is approximately 
one-half that of the split-phase motor on similar loads, 
and varies from six to seven times rated load current. 


Motors of this type are manufactured in fractional horse- 
power sizes and integral horsepower sizes up to 20 horse- 
power. (Note: 7% to 10 horsepower is limit on REA lines). 
However, power distributors generally limit the maximum 
size of motors to either 5 or 7% horsepower on single-phase 
lines. 


A modification of the capacitor-start motor is the capacitor- 
start capacitor-run motor. It has about the same operating 
characteristics as the capacitor-start motor, and is manu- 
factured in the same sizes but must be specially ordered 

from the manufacturer. This motor has two capacitors, one 

in the starting winding and one in the running winding. It 
is particularly valuable when large peak loads occur fre- 
quently in the operation of a machine. It is not recommended 
for general farm use because of its limited production and 
scarcity on the local market. 
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(3) Repulsion-Start Induction Motors 


(4) 


The repulsion-start induction motor is really two motors 
built into one frame. This motor starts as a repulsion 
motor, but when the necessary speed is reached, it oper- 
ates as an induction motor. The repulsion motor has a 
very high starting torque, and when combined with an 
induction motor, makes a very adantable motor for general 
farm use. When starting as a repulsion motor, it has a 
torque of approximately 4550 percent of its normal] full 
load torque. This great ability to start a load is of 
importance to farmers, as many farm machines reauire a 
high starting torque. It has a pull-up torque of approx- 
imately 225 percent, and a breakdown toraue of about 

265 percent of its normal full load torque. 


The starting current for this motor is very low as compared 
with the other two types of motors. It has a starting 


current ranging from two to four times its full load cur- 
rent. This is an added advantage, as smaller wire sizes 
can be used to supply the current to this motor as com- 
pared to the other types on similar loads and at equal 
distances from the meter or distribution panel. 


Many farmers will use the same motor on several machines; 
therefore, a motor should be purchased for general use 
that is capable of delivering maximum power in starting, 
pull-up and breakdown loads. The repulsion-start induc- 
tion motor is recommended as best suited to fill these 
requirements. Consequently this motor is highly recom- 
mended where it is to be put to general farm use. It is 
manufactured in fractional and integral horsepower sizes. 
It also is subject to the same general limitations of 
five or seven and one-half horsepower by the power line 
operators. 


Machines to which the repulsion-start induction-run motor 
are best suited include a cream separator, hammer mill, 
ensilage cutter, and large volume blower fans. 


When a motor is purchased for use on one machine only, it 


should be selected to most nearly fit the characteristics 
of that machine. 


Other Types of Motors 


There are several other types of motors, none of which 
as the three prev- 
fously described. The universal motor is probably most 
commonly used. It gets its name from its ability to 
operate on either alternating or direct current. It 


(5) 


(6) 
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depends on its load te control its speed, and consequently 
has very poor speed regulation. Its main application is 
for small household appliances, such as a food*mixer or 
vacuum cleaner. It is not recommended for general farm 
use. 


Fractional Horsepower Motor or Small Motors 


Fractional horsepower motors are those rated at less than 
one horsepower. Such motors are made in split-phase, 
capacitor, and repulsion-induction types. They can be 
operated on 115 volts, but 230 volts give better operat- 
ing results for one-half horsepower or larger sizes. 
Wiring changes within the motor must be made to change 
from 115 volts to 230 volts, or vice versa. 


Integral Horsepower Motor or Large Motors 


Integral horsepower motors are of one horsepower or larger 
size. They may be obtained in 1, 14, 2, 3, 5, 74, or 10 
horsepower sizes. Split-phase motors are not made in 
sizes larger than one-half horsepower, but beth capacitor- 
start and repulsion-start induction motors are generally 
available in all sizes permissible on single-phase lines. 
Some cooperatives may not permit the use of 7% or 10 
horsepower motors on their lines. When necessary, the 
larger motors can also be made portable by attaching them 
to a two-wheeled cart. (See REA Motor Cart construction 
plans). Note: A recent trend has been to eliminate 

the terms "fractional" and integral" and to list motors 

of one horsepower or more as "large" and those less than 
one horsepower as "small" motors. 
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AVERAGE STARTING TORQUE, PULL-UP TORQUE, 
BREAK-DOWN TORQUE, EFFICIENCY AND THE MAXIMUM 
STARTING CURRENT OF SOME SINGLE-PHASE MOTORS 


TABLE I 
REPULSION CAPACITOR SPLIT_PHASE 
START START START 


INDUCTION INDUCTION INDUCTION 
—_————$—$ et On CENDUCTION Es CINDUCTION 


**FRACTIONAL HORSEPOWER 
MOTORS 


Starting Torque 
Pull-Up Torque 
Break-Down Torque 
Efficiency 
***Maximum starting 
Current (Percent 
full load current) 


Locked rotor current: 
1/4 EP motor 


*INTEGRAL HORSEPOWER 
MOTORS 


Starting Torque 
Pull-up Torque 
Break-Down Torque 
Efficiency 
***Maximum Starting 


Current (Percent 
full load current) 


200 to 400% 


435% 
250% 
265% 

65% 


600 to 700% 


230% 
200% 
230% 


65% 


700 to 900% 
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250% 
200% 
210% 

78 


600 to 700% 
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s Taken from information on five horsepower single-phase motors 
published by Century Flectric Company, St. Louis, Missouri 


** Taken from information published by Century Motor Company 


“** Taken from "Electrical Engineering" - 1939 issue - by E. E. 
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In the selection of a motor for general farm use there are three 
major factors that will determine the size and type of motor to 
purchase. The first is the maximum horsepower that will be required 
to operate the various machines or do the necessary work. If the 
tasks cover a wide range of required horsepower, it may be necess=- 
ary to have two or three or even more general purpose motors. In 
cases where the range of required power extends from 1/4 horsepower 
to 74, horsepower, it would be well to group the tasks according to 
the approximate power required by them; that is, those that require 
less than 3/4 horsepower, those requiring from 3/4 to 3 horsepower, 
and those requiring 3 horsepower to 74 horsepower. The number of 
machines to be operated in each power group will then determine 
whether the purchase of a motor for each group can be justified. 
Frequently, there are several tasks requiring 1/2 horsepower or 
less. Thus a small motor of 1/3 or 1/2 horsepower can readily be 
justified. 


There are comparatively few tasks requiring from 1/2 to 1 horse- 
power that occur frequently enough to justify the purchase of a 
general purpose motor for this particular power range. Thus it 
might be wise to select a 3 horsepower motor to do the tasks between 
3/4 and 3 horsepower, thus reducing the investment in motors. If 
the maximum power required is 74 horsepower, then this size motor 
could be used on power tasks of 3 horsepower or more. However, 
few farms will require more than a 5 horsepower motor. In that 
case, a 2 horsepower motor or even al horsepower motor might well 
be selected in place of a 3 horsepower motor, and the 5 horsepower 
motor used on all tasks above the 1 or 2 horsepower motor. Hach 
general purpose motor selected would do all the tasks above the 
ability of the next smaller motor. | 


Electric motors should be operated at or near rated load. They 

can be safely overloaded 15 percent; that is, a service factor 

of 1.15 can be used in selecting motor size. This is more important 
on lerge motors of 25 horsepower or more because of purchase cost. 


It should be understood that all motors draw only the amount of 
power required to energize the field and armature coils,plus the 
amount required to overcome bearing friction and to do their work. 
Thus a motor working at partial load but normal speed draws less 
current than one at full load. This is due to the generating 
characteristic of the motor when in motion; that is, the power 
entering the motor is opposed by the voltage generated by the arma- 
ture as it revolves. This opposition voltage (back electromotive 
force) reduces the total current drawn by the motor as the speed 
increases or when working below rated load. The motor is less 
efficient as the load decreases because the current necessary to 
energize the coils is constant regardless of the load. Therefore, 
a five horsepower motor should not generally be used on work 
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requiring less than 3 horsepower. On the other hand, there are 
occasions where a five horsepower motor could well be used on a 

one horsepower task for a limited time and the loss of efficiency 
would not be as serious as the investment in a motor for which there 
was little use. 


The second consideration is the type of loads that must be handled 
by the general purpose motor. Obviously the motor must do the most 
difficult task as well as the easiest. It will be necessary to 
study each machine to be driven and each task to be done. Deter- 
mine the power demands when starting the machine, when acceleration 
is in progress, and when operating at the rated speed and capacity 
of the machine. Since even small machines vary widely in their 
power requirements, the split-phase motor is practically always 
eliminated for general purpose usage. 


The third consideration has to do with the lecation and housing 

of the motor. ‘If the tasks to be done are a long way from the meter, 
it is obvious that a motor which draws the least current is most 
desirable. This means that distribution wires between buildings 
need not be excessively large if the motor demanding the least 

power for starting is selected. 


If the motors are indoors and protected from the weather and oper- 
ate in clean air they can be open frame construction. If they are 
used outside or where falling water may reach them they should be 
drip-proof and/or splesh-proof. When they are operated in dusty 
conditions such ag in feed rooms, haymows, or poultry runs, they 
should be dust-tight, explosion proof construction. This will not 
only prevent explosions and dust fires but will also lengthen the 
life of the motor. Jt will prevent dust and dirt from clogging the 
air passages and eausing the motor to overheat, and it will protect 
the bearings by keeping foreign material out of them. 


Care, Maintenance, Adjustment and Installation of the Plectric Motor. 


A. Heat, dirt, dust, excessive oil, salt, acid, and water are the 
worst enemies of the electric motor because they result in dam- 
age to the insulation. Motors should be placed in a clean, dry, 
and protected location where they do not come in contact with 
dirt or moisture. If excessive dust, moisture, and foreign 
matter cannot be shut out, then totally enclosed motors which 
are of totally enclésed, splash-proof and/or drip-proof con- 
struction should be used as required. Drip-proof motors are 
not splash-proof but some manufacturers supply an extra cover 
which makes them splash-proof. Splash-proof motors are not 
drip-proof but some makes can be modified to make them drip- 
proof. 


The fan mounted on the rotor shaft of an open motor may pull 
either dust or moisture into the motor with the air which cools 
the motor. In time some dirt and dust will accumulate even 
when a motor is located in a comparatively clean, protected 
spot. Dust accumulations restrict air passages, preventing 
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the fan from blowing sufficient air through to cool the motor. 
This results in a hot motor which will damage the insvlation 

if the heat is not removed. Any dirt or duet should be blown 
out, whenever the motor is inspected or olled, by using conm- 
pressed air from a pressure tank, with a vacuum cleaner or with 
a hand air pum Only a few drops of of] should be used at 

one time to lubricate a sleeve bearing. Excessive oiling may 
result in saturating the coil insulation, causing it to deteri- 
orate and eventually break down. Excess oil also tends to 
collect dust. Oiling at 60-day intervals is sufficient for 
sleeve bearings on motorsin everyday use. Those used at in- 
frequent intervals should probably be ofled only once or twice 
@ year, say January ] and July 1, to make it easy to remember 
the servicing dates. 


O11 is used only with eleeve bearings. Number 10 W crank case 
automobile oil is recommended for use with small motors. These 
bearings have an oil wick which is packed around the shaft and 
in the reservoir. It soaks up the o11 and keeps the shaft 
lubricated at all times. When ball or roller bearings are used 
they generally are greased for "life" at the factory. "Life" 
is generally considered to be five years. Consequently, the 
bearings should be checked to see if they contain sufficient 
grease at five-year intervals. A special ball bearing grease 
should be used for this purpose. It can be obtained from elec- 
trical supply houses. Large sleeve bearing motore have oil 
reservoirs which generally can be inspected by removing an 

"oil plug" to see if the oil is up to the proper level. These 
reservoirs are beneath the bearing and located in the end bells. 
Another “oil plug" at the bottom of the reservoir is provided 
for draining and cleaning out the reservoir. Use Number 20 W 
crank case automobile oil in these larger motors. This heavier 
oil is required because of the weight of the armature and the 
pressure of the shaft on the bearings. Always check the oil 
reservoir locations to see that they are beneath the shaft. 

If necessary, revolve the bells (brackets) in the stator until 
they are in such a position that the reservoirs are beneath 

the shaft when the motor is in position for running. 


A motor develops a uniform turning force around the shaft. 
Because of this, there is little shock or vibration on the 
motor bearings. If a motor is properly mounted on a rigid 
support, most of the wear on the bearings will be that due to 
the weight of the rotating parts and the pressure due to belt 
tension and motor torque. A bearing is designed for a defin- 
ite load or pressure on its surface. If this load 1s exceeded, 
rapid wear results. <A belt that is too tizht will overload a 
bearing and cause abnormal wear and undue heating. For this 
reason, a belt should be just tight enough to prevent slipping. 
(V-belts require less tension to prevent slippage than do flat 
belts). Bearing heat is caused by friction and should not be 
confused with the heat of the motor during normal operation. 


Be 
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Sleeve bearings are made of brass, bronze, or babbitt. Due 
to the cost of construction, ball bearing motors cost more 
than sleeve bearing motors, but this additional cost is off- 
set by the less attention they require. 


Bearings are not only designed for definite loads, but are 
designed to take loads in only one direction. Consequently, 

a motor designed for horizontal mounting should not be mounted 
with the shaft vertical nor in positions where the shaft will 
be off level. Motors for vertical or angle mountings must 

have a thrust bearing at one end of the shaft to support the 
armature. Vertical motors are normally built with ball bear- 
ings because the lubricating 011 used on sleeve bearings drains 
away when they are in a vertical position. 


Occasions will sometimes arise when a horizontal motor must 
be mognted overhead in an upside-down position, or possibly 
on its side in a horizontal position with the base mounted 
on a vertical wall. When this is necessary, the motor and 
brackets or bells must be removed and revolved a one-fourth 
or one-half turn so the bearing of] reservoirs are in their 
normal position below the bearings. This change is very 
important, as otherwise the oil can drain out, leaving the 
bearings without lubrication. 


To Reverse the Direction of Rotation 


Main pulleys on farm machines may rotate in different direc- 
tions. The same motor is frequently used to drive several 
machines. If the motor cannot be properly located to obtain 
proper machine rotation, it may be necessary to change the 
direction of rotation of the motor. This can be done by the 
operator, but it requires a few minutes’ time and a knowledge 
of how to change the wires or brushes in the motor. 


The split-phase and capacitor motors are reversed in direction 
by reversing the starting winding leads. Wiring changes are 
shown on diagrams under the cover plate where cord attaches 

to the motor terminals, on the tags attached to each new motor, 
or on the motor name plate. The repulsion-start induction 
motor is reversed by shifting the brushes in the direction 

of desired rotation. Marks inside the motor by the brush 
holder show the proper brush holder location for the desired 
direction of rotation. To reverse rotation, loosen the lock 
nut or bolt and rotate the brush holder so that the arrow on 
the holder and the mrk on the bell flange are in line. Only 
@ small movement of the holder is necessary. Relock the brush 
holder by tightening the locking device. (Generally a machine 
bolt and lock washer). Manufacturers supply complete instruc- 
tions with each type of motor for reversing direction of 
rotation. 
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Universal motors of the non-compensated type cannot be satis- 
factorily reversed because of poor operating commutation which 
causes the brushes to spark. Sparking damages both brushes 

and armature commutator since the sparks burn holes and rough 
spots in the carbon brushes and in the copper armature segments. 


Care of Brushes and Armature Commutator 


When brushes are used they tend to wear. Occasionally they 
have to be replaced. They can be purchased from dealers 

and/or electric supply houses if the information on the name 
plate accompanies the order. Under some conditions the arma- 
ture commutator on which the brushes press when the motor is 
starting become worn and irregular. This also causes sparking 
end rapid wear of the brushes. If the damage is slight, the 
roughness can be remedied with sandpaper while the motor is 
running (never use emery paper). The sandpaper should be placed 
over the end of a small, square stick and then held in contact 
with the commutator (copper segments on the armature to which 
coil ends are fastened). By pressing lightly on the stick and 
moving it back and forth across the commutator, the surface 

can be made smooth and regular. If the commutator is too rough 
and pitted to be smoothed with sandpaper, the rotor should be 
removed from the motor, placed in a lathe, and the copper 
commutator surface turned down until it is smooth. 


To Select and Attach Extension Cords and Switches to Small 
Motors. 


Motors one-half horsepower or less in size and operating on 
115 volts may be connected to convenience outlets simply by 
plugging in the extension cord. No control switch is necess- 
ary. Extension cords should have large enough conductors to 
carry the necessary current with less than a three percent 
voltage drop. On a portable motor the cord should also be 

long enough to permit considerable freedom in locating the 
motor and the machine it is to drive. On permanent installa- 
tions, attachment cords should be just long enough to reach the 
outlet. They should also be located in a protected position 

to keep them from interfering with the work or injury. In some 
cases armored cable or conduit may be justified for protection 
to the cord and safety to the operators. Where such protective 
installations are made a control switch is eesential. 


Rubber or plastic-covered extension cords are essential for 
portable motors, and type 8 heavy-duty cord (rubber or plastic- 
covered) should be obtained for motors used in farm shops or 
other places where friction or wear are heavy and mechanical 
injury readily possible with light insulation. 


Number 18 conductor cord or larger should be used on 1/4 and 
1/3 horsepower motors. Half horsepower motors should be 
equipped with No. 16 conductor cord or larger. If extension 
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cords longer than 12 feet are used, a check should be made to 
see that voltage drop caused by the cord does not exceed three 
percent at maximum starting current. (Use the wiring slide 
rule to check voltage drop on the extension cord). The conduc- 
tors in extension cords should always be stranded so the cord 
will be flexible and have less tendency to break with severe 
usage. 


Conductors are fastened to field coil terminals in the terminal 
or connection box of the motor. Remove the cover plate to ex- 
pose the terminals to which the motor winding leads are attached. 
Check the wiring diagram on the motor name plate or on the 
underside of the terminal box cover plate. This will show 

which leads to connect for either 115 or 230 volt current. 

The power leads bringing current to the motor are marked 

"line", 


Remove about 1/2-inch of insulation from each extension cord 
conductor. Remove the nuts and wrap the bare conductor seround 
the terminal bolts (binding posts) with a right hand twist. 

This will aid in making good electrical contact when the nuts 
are screwed back in place. Brass or copper washers should be 
Placed between the nuts and the bare conductor ends. This will 
prevent fraying of the conductor and also make a better contact. 
After fastening the cord, replace the cover plate. 


Some connection boxes will heve knockouts. The cord should 
pass through such an opening and be held in Place with a box 
connector. Where knockouts are not provided the cord should 
enter through a groove and press tightly enough against the cord 
to remove any strain from the terminal bolt and cord ends. 


Large motors require the same care in selecting the proper 

size conductor for connecting the motor to the source of power. 
Since most large motors operate on either 115 or 230 volt power, 
the wiring diagram showing the proper coil connections should 
be carefully -inspected and the connections double checked. 

(If the wrong voltage is applied to the motor for the connec- 

_ tions made, the motor will burn out, fail to start, or fail 

to get up to speed). 


For safe operation with 230 or more volts, the motor must be 
grounded. If a three-wire cable is used, the white wire can 
be grounded to the motor frame at the terminal box. This 
grounds the motor back through the system to the yard pole and 
building ground rods of a polarized wiring installation. When 
a two-wire cable is used, the motor should be grounded at its 
immediate location. This can be done by attaching an end of 

@ bare or insulated conductor to the motor frame and the other 
end to a ground rod or @ pipe driven into the eround for at 
least eight feet near the motor location. 
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All motors, regardless of size, must be grounded when they 

are used in wet, damp places such as in dairy barns, milk- 
rooms, basements (with or without concrete floors) or wherever 
water, wet feet, wet hands, water pipes and electric motors 
are used together. Hlectric drills should always be connected 
to ground through a three-wire extension coré. This is true 
of any metallic power device held in the hands when working 
with it. 


With heavy cable, connections to the motor are generally made 
with solder-type lugs. The lugs fit over the terminal bolts, 
permitting a tight connection. Where no terminal bolts are 
provided, lugs are put on the ends of the motor leads and the 
proper lugs bolted together to make conductor and motor lead 
connections. Solder lugs are those requiring melted solder 
in connecting them to the conductor. This is done by heating 
the lug and holding it in such a position that lead can be 
poured or melted into the recess formed for that purpose. 
When the reservoir is filled with hot lead, the bare conductor 
is inserted and held in place until the hot lead cools enough 
to hold it securely. 


In some cases “twist nuts" or pressure type connectors are 
used. These are very satisfactory especially if the conductor 
cable is held fast to the motor with a box connector to take 
any strain on the cable and to protect the conductor connec- 
tions. 


Snap switches with overcurrent protection are available for 
small motors on 115 volt current. These switches may be 
mounted on the wall or on a bench. Toggle snap switches 
without overcurrent protective devices are frequently mounted 
directly on the motor frame. In other cases, ordinary light 
switches may be used. These are generally mounted on the wall 
as a part of the building wiring installation. When so ar- 
ranged they control the flow of current to the convenience 
outlet to which the motor is customarily attached. Occasionally 
& light switch is used on work benches, or on the motor table 
to control the motor operated on 115 volts. In such cases 

the connection from motor to switch is generally permanently 
inetalled and an extension cord is used between the switch 
and convenience outlet supplying power. 


Adequate Service Extensions 


In many cases farmstead wiring was only partially completed 

at the time the farm system was energized. This may have been 
due to the high first cost of wiring or to lack of planning 

for future use.e In such cases, it may be necessary to extend 
service from the meter to a building. At other times the build- 
ing service may be in place but the conductors may be too small 
to carry the increased load without excessive voltage drop. 
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In either case, it is essential that adequate sized conductors 
be installed to insure full voltage at the various power out- 
lets. Again the wiring slide rule should be used to determine 
the size conductor necessary to supply the demand for power. 


The first point to check is to measure the distance between 
the meter and the building served. This can be done with a 
tape measure or by walking between points and counting the 
number of steps if the stepper's "pace" is known. 


The second point is to inspect the building distribution panel 
to see that the main amperage capacity of the panel is suffi- 
cient to handle the demand load of the eouipment in the build- 
ing. Next check the individual circuits to see if the circuit 
supplying the power is ample to carry the load demanded by the 
new equipment. In some cases a new circuit may have to be run 
because the installed circuits do not have sufficient capacity 
to take the new load. If a spare cirenit is not available or 
the main circuit supplying the branch circuits in the service 
panel is not large enough, a new panel of adequate capacity 
and sufficient circuits must be obtained. If a new circuit 
should be run, the distence from the service panel to the power 
Outlet must be measured, the amperage demand of the new load 
determined and the proper size conductor selected to supply 
and maintain proper voltage under maximun permissible power 
demands of the load. 
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